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W E: BN IS R EOR TR A im . A USLE . T2 R, R AR
A TR TR T R TR AL A TR, e B PR R N E A SE I R e R AR L2, iﬂ:*ﬂf;mﬁﬂnu T R R, AT L AL
THRBEYCR, JEXE S . BE . A L SR AR TR R TR R LA DIy
ZAEU N 20%, FIEPE 15%, KR 0.050%, 35 °CA % 6 d; BEH 7Y =248, mUSH HEs N 0.265% 0 5t i R 5
(BB 25 15 BERREN 0.150%, B-FIHIKE 0.100%, FrEERREN 0.015%), A1, ¥, /4l pH 4 3.84+0.07,
Wi 8 OBx, M (1.8£0.04) g/100 g, FLRE &t 1.4x10° CFU/mL, DPPH B HETHERE 94.67%+2.73%,
ABTS" H I BEE B2 96.33%£1.01%, i JRHE J1(87.23+2.44) A700 nm, 8 AALY) L AL (superoxide dismutase,
SOD)Ji (713.08+17.52) U/mL., 45 VU = AEFLIE L EUORMEELF . AIRIRAR . MIRFIE . BRFE, AR
PRSP, BB I R TR .
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Development of broccoli whey fermented beverage and research of its
antioxidant activity
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(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

ABSTRACT: Objective To optimize the fermentation technology of broccoli whey fermented beverage and study
its antioxidant activity. Methods Whey and broccoli were used as raw materials, probiotics and vegetable enzymes
were used to soak and ferment. The optimal technology was selected through single factor and orthogonal
experiments, and further quality improvers was added to prepare broccoli whey fermented beverages, and the sensory
of the product, physical and chemical, microbiological and antioxidant activities were studied. Results The best
screening process was: 20% diced broccoli, 15% white sugar, 0.050% starter, fermentation at 35 °C for 6 days;

broccoli was filtered out, and 0.265% quality improver was added to the filtrate (the best blending process was:
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0.150% sodium alginate, 0.100% pf-cyclodextrin, 0.015% sodium citrate), and them were mixed and homogenized.

pH of the product was 3.84+0.07, sugar content was 8 °Bx, crude protein was (1.8£0.04) g/100 g, lactic acid bacteria
content was 1.4x10° CFU/mL, DPPH free radical scavenging rate was 94.67%+2.73%, ABTS® free radical

scavenging rate was 96.33%+1.01%, reducing power was (87.2342.44) A4 at 700 nm, SOD activity was

(713.08+17.52) U/mL. Conclusion The broccoli whey fermented beverage has good color, fragrance, rich and

smooth taste, rich nutrition, high antioxidant activity, and good development prospects.

KEY WORDS: whey; broccoli; fermentation; orthogonal test; lactic acid bacteria; antioxidant activity
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FLE (whey) & —Fom T B 6 5™ 4 R, FLiE
BN 0.6%~1%"2 HWE AT 1 ke YIRS, w5t
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#1 EXZWRITERKER
Table 1 Level table of orthogonal test design factors

[ %
KV e e BUIBORER  C kMR D RN
/% JinE /% I/ % [a]/d
1 20 13 0.04 4
2 25 15 0.05 6
3 30 17 0.06 8

®2 BEZRABLABINGBRMRFIAERE
Table 2 Determination of the dosage of quality improver for
broccoli whey fermented beverage

BRI S TN/ %

T B TR M 0.10, 0.15, 0.20
B-ERING 0.05. 0.10, 0.15
TR RN 0.010, 0.015. 0.020

*3 BETER

Table 3 Sensory evaluation table

SRR G 4 30 43) FUREGl 43 30 43) & PECH Sy 20 43) HLURBL (53 20 43)
. . BREFE D, CURI B, AR, LI, BESENELE, XS], LK,
KRR AFLA R, 25~30 43 25-30 43 1920 4 1520 41
o AR, BT, BT, BT, b A
FRFEIR, TSR, 20~24 43 2024 4 10-14 45 AR ERT, #3820, 10~14 43
7 A JERIEIR W - £ = SO
REBRRRAAR, 10105 o LT EETTERY I o A

R, <1541

TCmRER, EoHRE, <15 2>

MR, <5 5 BEARMEZE, WIKEZ, <5 7>




%5 15 3]

bk, SF PO AEFLIE REEUCR U 2P0 e Ha E ARG PR A 6149

137 F &I B AR A D I8ATM E

(D)™ S PRI FE AR 0

pH EHH pH 3T, (R S e W3, A
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KIATAREDE ) T
14 ZitoHh

ARSI A BRI A 3 K, R Microsoft Excel
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21 BE=RIAFEABRNLIZEERIE
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PRTEPE Y LB, A & T 2k R U S T e AR, DA T B
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TEPEZE YR B A B —E AR, FEOE X BB APUE
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T P B AN [ B L 0 2 TE 7 14 1) ph T BRAE 27, Y
BRI DA 0.03%4 = 0.04%07, DPPH A i H: iR
BE FT, ZEBE TP AR 0.04%0 & I
TS T £ 2 TR PR B ST MR B, DR IR T A T AR TG

REN A . [, R BRI ISR 0.05%0H, BEIE
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S TR ISF [) % 7 22 A6 7L R W ORI BB PEAN A S
TRFRPRE A, ABIFZE I E T 78 22 AL FLTE R B RORE &
et P ECE . DPPH H i SEE R . B AL s ki
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eI K RS IR]

bifi 4 PR IR A SE S, PG 22 A8 P & 1okl DPPH H
A BRR e B TS T REM S, S PR 2k
FHE T FZ kS, AR E N 6 d iF DPPH [ H 3t
HEREFEE PR fems, 43510 94.67%F1 86.99 43 Fitt:
RS g R, VY SRR R AR & B R p, Y R R IR
K6 d ZEAT I 2 e, TR 1 2 B A BT
FHEXT DPPH H B EEAWEBR R . Bl KB R IE K, 1K
BHRE AR RS TG, WTRESE T kK
TR R R B 1 R, DPPH A LIS R %
QURZSL G2

FERWBERT 4 d P9 283U R UCRHY SOD B DL &
pH AR %, 4~8 d BT FZ, A ABEH 8 d i) SOD i
T o 722.34 UL, 22 Ja b5 A& B ] 04 424, SOD [iff
TEREAR . T 2L 8 & BRIl 2 K, SR
R RE R, X SR PR HA A AR, e Sl
SEFHE T A SR, IR T O MTEEREE PY, 4
R EHY pH 3 4 IR I, SOD [ 52 2B A5, Bl
UG TR B, 2% MR, vE 22 107078 & ikt
BIBRFERE | WRARFEASASYS, A DR 22, 1 24 & e a) 42
6 d)E, WXERE LR, B, BRE
PEOE TR 25525 IRPE 22 A6 7LIE K IRORHE K el fi
HIECE . DPPH A HEEE k2 . SOD HiiE LI & pH KA1k
W E AR R T 7E 6 d 2245
22 EXEWERDH

&k 4 PR, W2EBMEA) . ARG B) .
KRNI (C)FI R BERT R] (D) 4 A~ ZR X 7™ R il 5T
HISSIHAREE N C> B> D> 4; X/ 4h DPPH H hHLTFRRH
M mMBENR D>C>B>4, HERhKFHAEN
A B,CoDy AMRIEEAF AN L], SEAT I IESE 5, Je&
B4 A 90.02 43, DPPH A HHEE RN 94.36%
23 B=TIABABERNMRERFINHE

A 3R PTE A E  JT RR A
EWZR S PR,

R 5 PR, #0020 BERSATR TR, iRy
TEE AT S SRR A AR R 0.150%, B-FRRIAE Y
RIS A 0.100%, FHEERREN AR IR R 0.015%. 78
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HEZRAET, SR PR TR B, RS AT 1, JCUTHE s
RS, RUEVEREF. Hod, pIRRIRTES IR B E TP AR A
B, feimih 91.21 43 UL B-FIIRG 1A i i R TRk 2

FRAR IR THBRVY AR . LSRRI AR R ST T A
BB A o [ P g S PR A S ORI EL i 388 5,
AIEASIE BN FURBSET, F ORIt

F4 EXIHRITERD

Table 4 Analysis of the results of orthogonal experiment design

I Y B C D BB DPPH F H 55 BR /%
1 1 1 1 1 64 86.56
2 1 2 2 2 87 94.67
3 1 3 3 3 75 86.12
4 2 1 2 3 85 89.87
5 2 2 3 1 79 86.13
6 2 3 1 2 60 90.04
7 3 1 3 2 81 91.28
8 3 2 1 3 67 87.63
9 3 3 2 1 69 86.90

JRETES
K1 75.333 76.667 63.667 70.667
K2 74.667 77.667 80.333 76.000
K3 72333 68.000 78.333 75.667
R 3.000 9.667 16.666 5.333 C>B>D>A
DPPH H HAETHFR%E
K1 89.117 89.237 88.077 86.530
K2 88.680 89.477 90.480 91.997
K3 88.603 7.687 87.843 87.873
R 0.514 1.790 2.637 5.467 D>C>B>4

x5 BEZRIFLABUINRRURFAEHE
Table S Determination of the dosage of quality improver for
broccoli whey beverage

AN/ %
A B PR
1 2 3
RN/ % 0.100 0.150 0.20
REVEER S 83.64 85.23 80.65
B-ERHIAG %% 0.050 0.100 0.150
BREEM S 84.65 91.21 86.60
TG RREN /% 0.010 0.015 0.020
B PEER Y 78.48 81.03 79.74

24 W=HIAFLABAIRNEN. MEDERR

Fh PG 22 16 LT & T OB B BRAL K AR 3 A R 45
JATHN, VA AEFLE R RN pH oA 3.84+0.07, HHIE N
8 OBx, ML H}(1.8+0.04) g/100 g, HENH(0.7+0.07) g/
100 go o R B KRB, MM SRR 14x
10° CFU/mL, HFHFEFA: ()IR/E A7 THERES
SERL, PRIE T 2B TCT5 9, Q@ AT, AR08 T4
AR, G)ERRMESRMETT, Wl E K2R, Fat,
it 2 W B o 2 R, FLRR RIS 2 TR R
5%

2.5 BAZRIBLREBIROERmENESE
W% 6 s, VU2 AEFLIE A B UORHIT A AL T R 2
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. IR AT S0 A A R R th S L2
LA, AL SR (T LA A A S B S
B B, WATI 5 K SO o B R 2 10092
FURE RUAA . A HE TSR 3B | v
SIS SE, AT LL Hh HORDOR A AR B P
Mt — 45 AP0 4 AL K R DOR LR L T P51
BATEO S L.
w6 B=WIAFLRBINMMEMNEMN

Table 6 Antioxidant activity of broccoli whey
fermented beverage

B/ AR CAT G iEp
SOD [#E /(U/mL)

TRE A

713.08+17.52

DPPH H B 5T %/% 94.67+2.73
ABTS'H HZiEFR % /% 96.33+1.01
A JFBE ST/ 4700 am 87.23+2.44

3 HFit5iTie

AT 5T 3 o) S A A VG 22 AE LIS R A A A T
ZBRCR: WA IE 20%, AR 15%, & B
0.050%, & EEEEE 35 °C, KEERTE 6 d; %P4 210k BER
RETHITR, SAEAE T2 IR 0.150%, B-3F
HWIAS 0.100%, FFEERREN 0.015%, 1% T & RS m 76 22 183
TR BB BIR AR . AFWEA . BREE, AR
& RON 1.4x10° CFU/mL, [l HAT 45k BRAS AT AL 16
P o R SG 2L UG TS VG 22 AR CR IS RR AT 11, b i,
FTE A, AT & G & B b g ae . A
WA R ZLIE . P8 22 AR R R R R B, T agtEFLE R
R R B R BRI 22
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